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Description 



TTieDresertinverilion relates to a process for improving the quality of lubric^^^ 
Se W d Rubricating base S is determined tv a coa^^ 
s resoI?a?e1^e stettl^arS fiHerability of the base oil. and interfadal praperties such as demul«Mrty a.r rel^e 
LSSiJiilS^^Tte present invention is particularty concerned with improving the storage stabilrty. demulsibilrty 
^ Si^S^ba^cJ^tet other relev^ properties lite air release 

rS Sively influenced. Under certain conditions air release andAx foaming may even be improved too the 
^oS of tht^resent invention. In any event, the overall quafity of the lubricating base 0.I « "^P'"'"'^ 
,0 '^^flieaforLentionedpropertiesaswellasmethodstordeterminingtheirvaluesare^^ 

Te"SSge stability indicates the number of days for an oil to produce a detectable change, other than a change 
in co^rirr^t^e dark at a certain tenperalure under oxklative condrtions. usually in a^^« 

IIZSLic of a lubricating base oil. since it gives an indication of how long a I Jx.cal.ng base 0.I could be 
15 stored Whilst maintaining free Of any deposits, haze or flocculation. and the oil 

The demubibility of a lubricating base oil is the ability of this oil to separate from water after the w«ter and the al 
have^Ln^^S anJ agitated so that an emulsion is formed. The demulsbility. acco«l.ngly g«,es an 

drSe Sescence of water drops in the water- oil emulsion. Thfe rate of coalescence, .n retorn^ 
L^S^OT (^e content of surface^ctive compounds p.e. contaminants, hetert^atoms and aromatire) .n the base 
«TSS.^uSls^3nate from ttieir r«t^occurrence in the fresh oil. from ^confaminanjs andtor from de^ 
Tairrr^ taking place during the manufacturing process of the base oil. Demuls.b.lrty « determined acco«l.ng 
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^ '^The fat«Sity of a lubrteating base oil is a measure for the f iHer-Wocking tendency of this oil. It is an important 
auallJctSSilofaSngb^ 

SS'fS^^tto be avoided, ^erability expressedin tem« of the ^me needed to «^ il^Sre"?^^ 
through a certain filter under certain conditions. This method for determining the filterability is known as the iuk 

""^riSTtendency of a lubricating base oil indicates the volume of foam whfch is generated ^^^'^^ 
throu^^^S^^ forfiveSes ata constent rale and tenperature and the volume of foam still left ten minutes after the 
liSta oJS Srclh^e ^has stopped. It will be understood that foaming of a lubricating oil dunng operation may 
5tf iS to iSte^ilrication^ standaKi test method for detem,ining foaming tendency of lubricating oils « 

'^^e^elease value ofalubricating base oil indicates the ability of this oiltosepamteentr^^^ 

as the nur^t^ minutes for air entrained in the oil to reduce in volume to 0.2% of its onginal volume at a certon 

Sno^Ze A high ^ release value may indicate that the test oil contains a relatively high amount of air-retain ng 

nS:suSSsLero-atoms(n«rog^.su^hur).po^ 

is detemiined according to stendaid test meUiod IP-313. which is technically idenbcal to f^^J^J. «^,^«,ik, 
In 7s St^speSication No. 4.795.546 a process for inproving the storage stability of hydroaacked. ^y*«^'y 
dew^^^SrS^^S^^disdosedcomprfeingahyd^^^ 
Sr^TeSiTniSiingstepinvolvescontactingttiedewaxedeffluertwi^ 

S^ti^ hydrogenation conditions. The subsequent nonhydrogenative stat^isation ^ep «i^v^ 

Sig^^rSnished d^ed oil with a minor amount of an olefinic stebil^ing agert '"J^F'^-f^ 
ero^e<xjs acidic catalyst, such as acid resins, clays and aluminosilicates. From the said U.S. specification it becom^ 
S *^eS5SroSative add stebilfeation must be attributed to a reaction of the olefins ^'^'^^'^ 
SSl^tnSiWS^ rather than to adsorption of these spedes onto the acidic cataly^. A first *awba* ^ 

2Z disdosed is the necessity of two distinct process ^ ^'XT^^"?^^ t ZTa 
catalyst It will be understood that this is undesired from a cost perspective. A further drawbadc is that the use of a 
SEna^lrttn tie tS^I may give rise to blending pr^ 

SSidJS SI na^^Tiuld S interfere with the compounds constituting the additive pa*age. whjdi may give 
S^T^o^S'vSSirtng a statie and unifom, blend. The possible interference beti«een olef inic stebihsing agent 
Z SStiVeXSge ™y ^en cause (partial) neutralisation of the effect of either the olef inic stabihsing agent or the 
Siti^ MdSe whidi i return, may have a detrimentel effed on the stability of the f mal lubreating d. 

rES^'^JS'application Na 0.535.910 a process tor improving the demulsibility of lubncabng base oils « 
disc^S^ «o^i?~mprises contecting the base oil with an adsorption means, whk* is either an actfic ion 
S^eri^norat^^soL«.Thelubric^ngbaseoilisdefinedasandlwhi*^ 

TeS IX WeSd. From the disdosure it is. however, dear that the base dl has preferably been solv«rt 
S^^^tocSteding with the adsorbem in ordertoremove aromatic hydrocar^ 
SSSp^<^on that any adsorbent otherthan an addicionexchangeresinor^^^^^ 

the base oil's demulsibility performance. 
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U.S. patert specification t*x 4.600.502 relalestoaprocessfordecreasi^ 
oils T^^ocei^irwolves passing the base oil through an adsorption zone in order to 'emwe the foam proA^ 
^rnJJTnS^ usually ^sti^e less than 1% by weight of the total weight of the base 0.L Before be.^ 
5i3^S'ads^n zonethebase oil has already been solvent 

S^^^f aScS-^s. Accordingly, the adsorbent is chosen such, that the adsorption step « solely .nt«ided 
SS cS^S The adSLntsused suitably are neutral or te^^^ 

m^^adsorbents listed, charcoal treated with a solution of a strong base is listed too. Howa^er. there .s no 
suggestion that untreated charcoal might be suitable as well. 

The processes taught in the prior art usually aim to improve only one single property of a lubncahng baseoiL The 
present iS^SS,. on the other hand, aims to provkJe a process for improving the overall qua^rty -and -".partcularj^ 
S^geSydemulsibilityandfitterability- of lubricating te^ 

^oJ^ Sp^ng the quality of lubricating base oils by only one single process step. The present «^on also 
^L^J^eTSi^-impL,^p«x:esswhichcanbeinstall^ 

SStefons. die^ in this connection is that the adsorbent to be used should be «>'™"«'«^J; 
^raSeandcompeU^eprice-Yetanotheraimofthepresentinventionfe^ 
stability ofalubricatingbaseoilis improved without enploying any slab.l.«nga^^^ 
oackaoes to the base oil lateron. when manufacturing the final tanornnadelubncating oil produ^ 

'^^f^tm^ been achieved by the processacco-tfingtothepresentinv^^^^ 
overall quality of lubricating base oils via one single adsorption step using dry actvaled carton ^ ^-^^^^ 

in general, the use of activated carbon as an adsorbent is well known. In the manufactureof Mr^i^" oife. 
aclivati carbon is known to be particuterty suitable for adsorbing polynudear a^^ 

Sent specHications ftos. 3.697.414; 4.447.315; 4.747.937 and 4.954.242 an descnbe the ^J^^ ^ 
S adso*ent for removing polynudear aromatic compounds from different kinds of hydrocarbori str^TO^ 

T^e^^ none of the Sbrementioned prior art documents disctoses or suggests the use of actwatedjarbon. let 
atonX^^c^^^asanadsorbentforinprovingtheoverallqualityofl^^^^ 

Sge stability, demulsibility and filterability in one single adsorption step. It has now '""^^ 
SSting a lubricating base oil with dry activated cartx)n. all these properties are improved, whilst at the same time 
of the base oil (air release and foaming tendency) at least reach a commercaily acceptable 
30 level and under certain conditions even are positively effected too. ^ . . *,i^.^r~.^ 

/SJiinglythepresentinventionrelatestoaprocessfori^^^ 
conS Scti^a lubricating base oil with dry activated carton. More particulariy. the P'*^"* ."^^^.^ 
Tr^^f^cl^ngthequalljoflubricatingbaseoilsintermsof storage sta^^^^ 
orocess comprises the single step of contacting a lubricating base oil with dry activated carbon. 
3s ^^e3activatedcLxiteamiaocry5talline.nongraphWcformofca*on.wh^^ 
internaC^ivdu^^^hrtLalargesikcearea.^^ 

C iSSS^t well known ^ many commercial grades of activated cartxM, ^« ^-'^^^"^^ 
(JJ^BT2rCStion.anyactivatedcartx>ng,adesui^^ 

pJticulariy suitable, are those having a surface area (N2. BET method) in the range fran 500 
Tllio^/gTeteLy Wn 900 to 1 400 m^/g. and a Hg pore vo^^^^ 
OZ^SgTmt^e^ression-Hgpore^lumeMsmeantthe 

rSults have Sen obtained with activated carbons which additionaBy have a "^^^^'^'^^ 
0 2 to^ S, an average of 0.5 to 1 nm. a p«e size distribution (Hg porosimetry) in tt^erange hom 1 to lOOOO nn. 
prefe^Tfroml to5.000nm.andatotalporevo^^^ 

?^5^ pTrrably from 0.5 to 1.3 ml/g. Other preferred physical characteristics include an appar«it bulkdensi^o^ 
i;^T?bto72g^l apartidesizeoffrom0.4to3.^ 

S 0 8 MP^'? S,ly^ least 1 .0 MPa. Exanples of suitable commercially available activat^carbons include FIL- 
S£)RB^ DARCOCX;L8*30andDAR(X)GCL12*40(FILTRASORBandDARCOare^^ 

a^;S ca*o^ used in the process according to the present invention must be ^^nr acj>«ted «rton. This 
meJ« ttS\S water content of the activated carbon should be less than 2% by weight, preferaf^ less than 1% by 
S m^reTeferably less than 0.5% by weight, based on total weight of activated carbon. This usually rn^s 
Se^^rarbTtestobe dried first before application in the process of the presert 
SeTbe^^S^ or in Situ .a conventfonal drying proced.es kno^ 
procedur^ are those wherein activated carbon is dried at a temperature in the range of from 100 to 
Kn fni^ogen atmosphere. In case of applying a fixed bed of activated carbon, in srtu drying the activated cartx,n. 
ie drying after the activated carbon has been packed into a bed. IS preferred. , k„ „o.hnri= 

T^eLicating base oHtobe used in theprocessof the present invention may be any base oilpre^ 

known in the art Accordingly, the base oil may. for instance, be obtained by the conventonal process "^'"9 
^^e^S of separaSng an atn«spheric residue into one or more distillate fractions and a vacuum rescue, dea- 
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snhaWna the vacuum residue, passing Ihe distillate fraction(s) and the deasphaKed vacuum residue through a solvent 
SSiTaSTni'passi^ th^sch^em extracted ^^^^ 

STbeobtainedviaaprocessinvoMngacatalyticdewaxingstepinsteadofasolventde*^^ 

very good results have been attained t>y the process according to the present inve'rfcn^;-»^«" ^^H^j^'SlSS 
baseSsproducedbyaprocesscomprising at least one hydroprocessing step. PartK^^ 

oils usi^lly leaves room for inprovement Processes for manufactunng hydroprocessed base oHs are 
Ki^^theTrt and in principle any such process may be used for producing the lubrK^tng base oil which «n be 
Ss^ a^^lin^tTt^e process of the ^^invenfion. Suitable base oils ma, forinstance. be producecl v« a 
^^Srvi^e^n a wax derWedfrom a deasphalted residual oil is hydrocracked and siUsequently dewaxed. such as 
SS2dt ^nt specification No. 1 .429.494. Another process for producing suteWe base «the proc^ 
diSSS inBritishSentS^ificatfonNa 1.546.504. wherein waxy d 

SSS?S<x.arerte^hydrotreatedintwosucces^^ 
S^^a^^pSraSlablebaseollsistheprocessdescribedinEu 

SSSSS dis are prepared by solvent extracting disfillate fractions and/or deasphaftedoj^spr»r 
S SiS.em to a Jngle^ge catalytic hydrotreatment. optional^ foltowed by a <^^^^^;^ 
^lubri^ting base oils prepared via the process described in European patent applicaton No. 0^72;729 J^'^ 
^ SSl^the catalyE^rotreatment and subsequent dewaxing of flashed d-sbHates P;^"ced v« a r^ue 
^^^STp^ such as Mrocraddng. are also useful to be stabilised via the proc^ ac«)rd.ng to presert 
^^^B^d^e orocessK described above there are many other ways known in the art involving at least one 
S^^^r iL^^SS^etsed for producing suitable hydroprocessed lubricating base oils. However. 

IS^T^SS^ Europ^n patent iplteation 1^. 0.1 78.71 0 have been ^ 
J^oc^^^^tothT^es^inve^^ 

ification No 1 546.504 are most advantageously applied. _» ^^„rifi,*» 

c^«Mons (temperature, pressure, space velocity) under which the liDricating base cl .s contacted wrth the 
drv a^WS^ m^ry wiWn broad ranges in order to still attain an improved base o.l qualrty. The temp«ature 
7vS,?SSn7etween base oil and activated carbon takes ptoce. is nevertheless 
^LTcrfHT^rfk^ on the viscosity of the base oil. It will be understood that m order to altow optimum contact between 
TaSStS c^ ^ tt^SX Viscosity Of 

i^^Sa^.?S enables the undesired species to be adso*ed. Accordingly. '^T'^^^^^f 

Of the base oH at that temperature alfows effective corrtaC ^et-ej ^e te^ «1 a|J *iea^ted 
carbon so that tfie undesired species can be adsorbed. Temperatures .n the range of from 20 to 3W) C. P[^f^^ 
to S) " le preferably 40 to 1 50 'C. have been found to be suit^e in this '^^^^^^^"^'^ ^ 
orocess according to the present invention is not particularly critical and may be in the range of from 1 to 200 
SS^^rM^.mc^preferably1to20bar.AsurtableweigMhourty^vJoc^ 
ranaeoffromO 2 to 25 kgfl^r. preferably from 0.5 to 10 kgM»r and morepreferaWy from 1to5kgfl^r 

S^^ng lubrS^bng base oil with the activated carbon may be realised in ways known in me art. such as^ 
susSrtSS>SedcaS>npartidesthroughoutthebasedlfollowedbyfi^^^^ 

« actlated carbon is passing the base oil through a f ilter of activated carbon^lt f "^^ 

Sageoustopassthelubricatingbaseoil through at least onefixedbed of actnmtedcarbon.^ 

STcS^ be r^ered. K will be understood that the nutT*,er of fixed beds of acln«led cartjon .s ^y 
S^eTsL^^eoilmanulacturecapacity. level of contaminantspresemin the b^ 
rat^Tart^ted carbon beds. In case more than one fixed bed of activated carbon .s used, these beds may be 
^S.2JS!n STiln^el or in a combination of both. In general, it may anyhow be advantageous 1° arrange fte 
f3S^ of ^cLed^rbon In such mode that at least one spare bed of activated carbon s a^'^Wearri that each 
tS?t^e bSSed so that replacement of fouled activated carbon beds is possible without having to ntermp^ the 
^iTof 1^1^ « thTbe^ are arranged in series, this situation may for Instance be attained by systems known 
ZJiefSTof^^ueMroconverskx^fix^ 

So^ No 2.01 4.058 arS^European patent application No. 0.026.508. » the beds are ^"^^'"^^ J 
S^^uration ;^ereby both beds are alternately operated -asd«cribed in European P^'^^.^'^" j^f.^^^^^ 
for h^rodemetallisatfon guard bed reactors- may be applied. Another ophon is to arrange me f «ed ^^^"^^^^ 
feZ^m least one spare bed which is not in operation. Accordingly, if the activated carbon in on^'^^dbedjs touted 
aSsto^V^^a(Sthentheftowofbaseoilcanbepassedoverthesparebeda^ 
S^sS^me^ntamnated activated cartxjntobe replaced by fresh or regenerated art^^ 
^ be^ ^Tth^tare bed until the next bed is fouled. Such mode of operation, thus, allows a continuous f tow of 
base oil to be contacted with activated carbon tor improving its quality. 

T?!e Tnv^rtion is illustrated by the following examples without restrictf ng the scope of the present inventon to these 
particular embodiments. 
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Example 1 and Connpar ative Example 1 

A lubricating base oil having the properties listed in Table i ("Feecn was passed over a b«J of activated caitjon 
which had not been dried prior to contact with the base oil. at an operatingtemp^ature of 70 -a 1!^^^^°°^°' * 
koflrtir (9.3 kgfl^gmr) and an operating pressure of 1 bar. TTie activated carbon used was DARCO C3CL 8 30 «NORfT 
Sg pore vo^me 0.40 ml/g. N2 surface area 1050 m^/g) and 100 ml (48 g) of this activated carbon was "oaded irrto a 
reactor (diameter 20 mm. volume 300 ml), so that a fixed bed of activated carbon was obtained. Relevant properties of 
the treated base oil are listed in Table I ("Comp.Exn. ... „ ^ . , 

The same procedure was repeated, only this time the activated carbon was dried in situ. i.e. after having been 
loaded into the reactor, at 250 'C for 4 hours under a nitrogen flow of 50 NWir. waer corrtent of the dned activated 
carbon was below 0.5% wt Relevant properties of the treated base oil are listed in TaWe I fEx-l")- 

Storage stability was measured by detemiining the nunnberddaysfor the oiltoproduceadetectaWech^^ 

its haze suspension), other than a change in colour, when stored in the dark at 70 -C under an air Mantenn a sealed 
te^cyliiider of transparent glass. In these experiments, a storage stability of less than 60 days is considered unaccept- 

^^DemulsMity was determined according to ASTM D1401 and is expressed as volume of oil phase in ^lAralume of 
water phase in nUAralume of emulsion layer between oil and water phase in ml (time required to obtain the state indicated 
in minutes). 
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TABLE I 



Adsorption over dry activated cartxxi 





Feed 


Comp. Ex. 1 


Ex. 1 


Vk40 (cSt) 


71.4 


71.1 


71.7 


VklOO (cSt) 


9.0 


9.0 


9.0 


VI 


99 


99 


99 


Storage Stability (days) 


17 


18 


>60 


Demulsibility 


40/37/3 


40/37/3 


40/40/0 


(ml/ml/m! (nran)) 


(15) 


(50) 


(5) 
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In Table I Vk40 stands for kinematic viscosity at 40 °C. VklOO lor kinematic viscosity at 100 'C and VI for Viscosity 

'"^^om Table I it becomes dear that using "weT activated carbon as the adsort)ent does not improve Itie storage 
stability of a lubricating base oil and even deteriorates the demulsibilrty of the base oil. Using dry activated carbon as 
the adsorbent, on the other hand, results in a base oil having improved storage stability and demulsibtlity. ^cMidingly. 
in order to improve the overall quality of lubricating base oils it is essential that dry activated carbon is used as the 
adsort>ent. 
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Example 2 

100 ml (43 g) of dry activated carbon (FILTRASORB 400 ex CHEMVIRON. Hg pore volume 0.40 ml/g. t^surtece 
area 1 100 rri^/g) was toaded into a reactor (diameter 20 mm. volume 300 ml), so that a fixed bed of activated carbon 
was obtained. Prior to toading it iirto the reactor, the activated caibon had been dried ex situ for 2 hours at 400 C under 
a nitrogen flow of 50 Nlrtv under 1 0 bar pressure, so that ils water content was reduced to below 0.5% tv weight. 

Acontinuous flow of hydroprocessed lubricating base oil obtained by the process according to Bntsh patent spec- 
ification IMo. 1 .546.504 and having the properties as listed in Table II was passed over the bed of dry artivated caibon 
for two months at an operating temperature of 130 -C. a space velocity of 2.6 kgMir (6 kgA^gAw) and an operating 
pressure of 10 bar. The properties of the untreated base oil (feed) and those of a sample of treated base oil obtained 
after two months of operation (denoted as "ProductT are listed in Table II. -. . v^;.,.^ 

FirterabHitywasdetermined according to the CETOP method and the time needed to filter 1000 ml of oil is indicated. 

Air release was determined according to the method IP 313 and is expressed in minutes. 

Foaming tendency was determined according to ASTM D892 and is expressed in mlAri: volume in millilitres of foam 
directly after bubbling air through for five minutesAralume in millilitres of foam left ten minutes after bitWing of air has 
stopped. 
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TABLE II 





Inprovement of hydroprocessed lubricating base oil quality by activated carbon adsorption 


5 




Feed 


Product 




Vk40 (mni2fe) 


71.9 


71.8 




Vk100 {mrri2fe) 


9.11 


9.11 


10 


VI 


101 


101 




Total sulphur (mg/kg) 


148 


142 




Total nitrogen (mg/kg) 


4 


3 




Monoaromatics (mmole/100 g) 


AO O 


43.4 


15 


Diarorratics (mrrrale/lOO g) 


1.8 


1.8 




Polyaromatics (mmole/100 g) 


2.2 


2.1 




Storage stability (days) 


6 


>60 


20 


Demulsibility (ml/ml/ml (min)) 


40/33/7 (60) 


40/40/0 (9) 




Time to filter 1000 ml (min) 


>60 


45 




Foaming tendency (ml/ml) 


290/0 


30/0 


25 


Air release at 50 (min) 


9 


6 



From Table II it can be seen that the base oil quality Indeed improves atter activated carbon adsorption. It can also 
be seen that this irrproved quality cannot be solely attrtouted to the adsorption of polyaromatic species, as only a very 
30 small portion of the polyaromatics present in the feed is adsort)ed. 



Example 3 

100 ml (43 g) of activated carbon (FILTRASORB 400 ex CHEMVIRON. Hg pore volume 0.40 ml/g. N2 surface area 
1 100 m2/g) was loaded into a reactor (diameter 20 mm. volume 300 ml), so that a fixed bed of activated carbon was 
obtained. The activated carbon was subsequently dried in srtu for 24 hours at 180 '^C with a nitrogen f low of 50 Nl/hr 
under 10 bar pressure, so that its water content was reduced to betow 0.9% by weight 

The conditions applied in this example for both feeds were an operating temperature of 70 ^-C, a space velocity of 
4 kg/l/hr (9.3 kg/kg/hr) and an operating pressure of 1 bar. 

The properties of the treated lubricating base oils (denoted as "Product! are listed in Table III ("nd'* means not 
determined). 
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TABLE III 





Activated cartxjn adsorption ol lubricating base oils 


5 




Hydroprocessed 


Solvent e 


ixtracted 






Feed 


Product 


Feed 


Product 




Vk40 (mm2fe) 


71.4 


71.4 


28.0 


27.7 


10 


VklOO (mm2/s) 


9.06 


9.02 


5.04 


5.10 




V! 


101 


100 


106 


113 




Total sulphur (mg/kg) 


lUo 




6600 


6600 




Total nitrogen (mg/kg) 


2.1 


3.7 


21 


20 


15 


Monoaronnatics (mmole/100 g) 


53.1 


51.3 


39.9 


40.5 




Diaromatics (mmole/lOO g) 


2.0 


1.4 


1.0 


1.1 




Polyaronnatics (mnwIe/lOO g) 


2.0 


2.0 


1.1 


1.1 


20 


Storage stability (days) 


31 


>60 


>60 


>60 




Dennulsibility (ml/ml/ml (niin)) 


40/37/3(15) 


40/40/0(5) 


40/37/3 (20) 


40/40/0(15) 




Time to filter 1000 ml (min) 


80 


45 


19 


16 


25 


Air release at 50 *C (min) 


8 


8 


nd 


nd 



Table 11 1 again illustrates that activated carbon adsorption improves the quality of lid>ricating base oils. Table III also 
shows that for a solvent extracted base oil particularly the demulsibility Is Improved by activated caibon adsorption, whilst 
30 f ilterability and storage stability of the untreated base oil are already good in this case and remain good after the adsorp- 
tion treatment. 



Claims 

35 1 . Process for irrproving the quality of lubricating base oils, which process comprises contacting a lubricating base oil 
with dry activated carbon. 

2. Process according to claim 1 , wherein the lubricating base oil and the dry activated carbon are contacted at a 
temperature in the range of from 20 to 300 *C. preferably 30 to 200 °C. 

40 

3. Processaccordingtodaiml or2.whereinthecontactingwithactivatedcafbontal^ 
base oil through at least one fbted bed of activated carbon. 

4. Process according to any one of the preceding daims. wherein the lubricating base oil is a hydroprocessed lii>ri- 
45 eating t>ase oil. 

5. Process according to any one of the preceding claims, wherein the dry activated carbon has a surface area (N2. 
BET method) in the range from 500 to 1 500 m2/g and a Hg pore volume in the range from 0.1 to 1 .0 ml/g. 
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